Abstract: Chronic posterior glenohumeral joint instability can be a challenging clinical entity for patients and surgeons alike. In the setting of a posterior dislocation, a large anterior humeral impaction injury (reverse Hill-Sachs [HS]) may occur, leading to engagement of the humerus with the posterior glenoid bone, especially during internal rotation of the joint. A reverse HS is especially debilitating because of the significant portion of affected humeral head cartilage, and is made worse in the setting of ligamentous disruption such as a posterior humeral avulsion of the glenohumeral ligament (HAGL) lesions. Although several nonanatomic procedures to address these defects have been previously described, recent interest in anatomic reconstructions capable of restoring the cartilage surface of the humeral head has led to the use of bone grafts (autografts and allografts) to restore the articular contour of the humeral head in conjunction with anatomic repair of associated soft tissue injuries. We present our preferred technique for an anatomic repair of a posterior HAGL lesion in combination with reconstruction of an engaging reverse HS lesion using an unmatched hemitalar allograft.
Abstract: Chronic posterior glenohumeral joint instability can be a challenging clinical entity for patients and surgeons alike. In the setting of a posterior dislocation, a large anterior humeral impaction injury (reverse Hill-Sachs [HS]) may occur, leading to engagement of the humerus with the posterior glenoid bone, especially during internal rotation of the joint. A reverse HS is especially debilitating because of the significant portion of affected humeral head cartilage, and is made worse in the setting of ligamentous disruption such as a posterior humeral avulsion of the glenohumeral ligament (HAGL) lesions. Although several nonanatomic procedures to address these defects have been previously described, recent interest in anatomic reconstructions capable of restoring the cartilage surface of the humeral head has led to the use of bone grafts (autografts and allografts) to restore the articular contour of the humeral head in conjunction with anatomic repair of associated soft tissue injuries. We present our preferred technique for an anatomic repair of a posterior HAGL lesion in combination with reconstruction of an engaging reverse HS lesion using an unmatched hemitalar allograft. P osterior shoulder instability has become increasingly recognized as a cause of pain and dysfunction, especially in young contact sport athletes. 1 Cases of recurrent posterior instability can lead to complications including laxity of the surrounding soft tissues, glenoid bone loss, and osteochondral lesions of the humeral head (reverse Hill-Sachs [HS] lesions). 2 In patients with a first-time traumatic posterior shoulder dislocation, 86% were found to have a reverse HS lesion identified via magnetic resonance imaging. 3 Recurrent posterior instability with a reverse HS lesion will lead to repetitive engagement with the posterior glenoid rim, which will lead to patient morbidity and an increased risk of early-onset osteoarthritis. Unlike the posterior cartilage damage seen in traditional HS lesions, reverse HS lesions are associated with significantly greater cartilage damage at the anterior aspect of the humeral head. 4 Because of the location and size of these lesions, it is essential that reverse HS repair include a method for chondral restoration. Moreover, cartilage viability is a key determinant of successful clinical outcomes following osteochondral allograft transplantation.
When a significant bony defect is present on the humeral head, restoration of the humeral contour or placement of an anatomic block to prevent engagement with the posterior glenoid may be necessary to reduce pain, restore motion, and prevent recurrent instability. However, this anatomic block must not only restore the native contour of the humeral head but also address the engaging chondral defect. The articular portion of the talus bone acts as a potential allograft source for repair of a reverse HS lesion with several advantages, including its thick and dense bony quality, cartilage surface, and radius of curvature that closely approximates that of the humeral head. Additionally, the talus does not require size matching and represents an almost limitless bone source to harvest an appropriatesized graft.
In cases of chronic posterior instability, the soft tissues must also be addressed. In particular, posterior humeral avulsion of the glenohumeral ligament (HAGL) lesions can be seen in posterior instability, leading to persistent instability and pain. However, these lesions are often not appreciated on imaging, with only 50% of the lesions identified preoperatively by radiologists. In addition, posterior HAGL lesions are often seen in association with other pathology, which can distract from this diagnosis. 5 In this Technical Note, we describe soft tissue management of posterior shoulder instability completed via arthroscopic HAGL and labrum repair, followed by anatomic resurfacing of the humeral head with an unmatched talus allograft for reconstruction of a large reverse HS lesion.
Objective Diagnosis Physical Examination Findings
A thorough physical examination is key for an effective evaluation and accurate diagnosis of a reverse HS lesion associated with posterior shoulder instability. The physical examination should be bilateral to compare to the contralateral shoulder. For an accurate diagnosis of instability, evaluation for possible joint laxity must first be completed. Despite excessive range of motion and joint translation, laxity will not be associated with pain or apprehension. As a result of posterior instability, the patient will feel discomfort and report a sensation of the shoulder "popping out" during extreme translation. Examination of the shoulder will reveal an inability to externally rotate because of a mechanical block with limited flexion and abduction. Given that the humeral head is fixed on the posterior glenoid rim, the dislocated shoulder is locked in internal rotation. However, abduction and forward elevation may be preserved up to 80 or more. Aside from the routine shoulder examination, several provocative tests can be completed for diagnosis of posterior shoulder instability, including the posterior drawer, jerk, and Kim tests.
Radiographic Findings
If posterior instability is suspected, a standard 3-view radiographic series should first be used confirm the presence of a reverse HS lesion, including a Y view, an axillary lateral view, and an apical oblique view with the arm in external rotation. Of all views, the apical oblique view coupled with external rotation will be most useful, allowing visualization of the anterosuperomedial aspect of the humeral head. However, several other imaging modalities can be used to assess for a possible reverse HS lesion. Computed tomography, specifically 3-dimensional computed tomography, is the best imaging tool used for evaluation of bone loss. With 3-dimensional computed tomography, the presence, orientation, and size of a reverse HS lesion can be visualized. Furthermore, the humeral head can be digitally subtracted to assess for possible bipolar bone loss. When evaluating for presence of an HS lesion, the radiographic findings must be used in combination with the physical examination, as we consider the glenoid track concept more clinically relevant than the percentage of the humeral head defect. The clinician must also determine whether or not glenoid bone loss is present, as it will heighten the effect of even a mild HS lesion. Without the use of advanced imaging, it is not possible to accurately quantify the size, orientation, and location of a bony lesion affecting the glenohumeral joint.
With the use of magnetic resonance imaging, posterior HAGL lesions can be identified. In addition, associated soft tissue injuries can be identified. A high level of suspicion is necessary to diagnose a posterior HAGL lesion. Therefore, if a patient presents with posterior instability, a posterior HAGL lesion should always be considered.
Indications
The indications for combination procedures in the setting of both soft tissue pathology and bony loss continue to be more clearly defined. At present, the procedure is considered when given the following indications: failed nonoperative management, symptoms of recurrent posterior instability, catching and pain, greater than 20% to 40% of humeral head articular surface involvement, and off-track lesion leading to engagement of the HS lesion with the glenoid rim, thereby producing an instability event.
Surgical Technique Patient Positioning to Lateral Decubitus Position
The patient is positioned supine on the operating table and an examination under anesthesia is performed to confirm the diagnosis and document the affected shoulder range of motion (Video 1). The patient is then placed in the lateral decubitus position for the initial, arthroscopic portion of the case (Fig 1) . All bony prominences are well padded and the arm is placed in a STaR Sleeve (Arthrex, Naples, FL) under 10 pounds of balanced suspension. The patient is later repositioned and redraped in a modified beach chair position for the second, open portion of the case.
Arthroscopic Portal Placement
The arthroscopic portion of the case starts by establishing a standard posterior portal. The arthroscope is inserted into the joint and then a midanterior glenoid portal is established under direct visualization. Diagnostic arthroscopy is performed at this point. The arthroscope is then moved from the posterior to the midanterior glenoid portal. The diagnostic arthroscopy is completed at this point. A switching stick is then inserted into the previously established posterior portal, and a 5-mm cannula is inserted over this. A posterior lateral portal is then established under direct visualization with a spinal needle. A switching stick is then inserted, and a second 5-mm cannula is inserted over this into the joint.
Labral Repair
The labrum is addressed first. The extent of the tear is delineated with an arthroscopic probe. An elevator is then inserted through the posterior portal, and the labrum and capsular layer is elevated off the face and neck of the glenoid. Once the labrum has been fully mobilized (Fig 2) , an arthroscopic shaver is inserted to debride all loose frayed tissue. The bony surface is then freshened with the shaver on burr mode to provide an excellent healing surface for repair. Attention is then turned to delineating the posterior glenohumeral ligament and capsule from the overlying muscle fibers (Fig  3) . The defect in these structures should be clearly visualized. Once the ligaments and capsule have been freed, the labral repair and capsulorraphy should be performed.
A ReelPass (Arthrex) suture lasso is used to capture both the mobilized capsule and labrum. Labral tape is then shuttled through both structures with the ReelPass. A guide is then inserted and a hole is pre-drilled for a 2.9-mm short PushLock suture anchor (Arthrex). The labral tape is then loaded into the anchor. Following this, the anchor is inserted with appropriate tensioning of the labral tape. The appropriate number of anchors is determined based on the extent of the labral tear. Intraoperative image of the right shoulder with the patient in the lateral decubitus position viewing from the posterior portal. The labrum and the glenoid can be visualized. To access the posterior labrum and glenoid with an elevator, the anterior portal is used as a working portal. It is important to use the elevator to release the labrum, which is often scarred and retracted in chronic injuries. The labrum should be mobilized and fixed in the optimal position to provide stability. A fresh glenoid bony surface is necessary for healing.
REVERSE HILL-SACHS LESION AND POSTERIOR HAGL

Repair of HAGL Lesion
Once the labral repair has been completed, the HAGL lesion can then be addressed (Fig 4) . Often times, the defect is fairly extensive, and approximation of the ligaments and capsule can be first made with a side-toside repair. The ReelPass suture lasso is again used to shuttle no. 2 FiberWire suture (Arthrex) in a mattress fashion. An arthroscopic knot is then tied to secure both leaflets. The posteroinferior aspect of the humerus is then cleared of all soft tissues. The surface is freshened with the arthroscopic shaver on burr mode, which provides an excellent repair surface for anchor placement. Two free FiberTapes (Arthrex) are then shuttled through the approximated ligaments and capsule. Each end of the FiberTape is retrieved and passed through a 5.5-mm SwiveLock (Arthrex) suture anchor. A tamp is used to pre-tap the posterior inferior neck of the humerus. It is important to place the anchor as inferior as possible to allow for easier placement of the second anchor. The SwiveLock anchor is then inserted. Afterwards, the FiberTapes are appropriately tensioned. An arthroscopic tape cutter is used to transect the remaining tape. A second anchor is then placed in similar fashion more superior in relation to the first anchor. At the completion of the HAGL repair, a nonabsorbable PDS suture is passed through the capsular leaflets of the posterior portal. Both ends of the suture are retrieved, and an arthroscopic knot is tied. Examination consisting of a posterior load and shift is performed under direct visualization to ensure restoration of posterior stability.
Patient Repositioning to Beach Chair Position
At the conclusion of the arthroscopic procedure, all wounds are closed in layered fashion with absorbable sutures except the wound of the anterior portal, which is sterilely covered during repositioning to the beach chair position (Fig 5) . With the patient in the supine position, the head of the bed is elevated to approximately 40
. The arm is then reprepped and redraped in standard sterile fashion.
Surgical Approach and Exposure
An incision is made over the deltopectoral interval and dissection is carried down to identify the cephalic vein. The vein is protected and mobilized medially. The clavipectoral fascia is then incised and the interval between the deltoid and conjoint tendon is bluntly developed. The undersurface of the deltoid is then freed of all attachments overlying the rotator cuff. This allows placement of a cobra retractor in the superior aspect of the wound (Fig 6) . The arm is then internally and externally rotated to confirm identification of the long head of the biceps tendon and the bicipital groove. The bicipital sheath is opened and the biceps tendon is released and then tagged for later tenodesis. A pair of curved mayo scissors is then used to open the rotator interval. The subscapularis attachment on the lesser tuberosity should then be clearly delineated. The bicipital groove is cleared of all soft tissues and the lateralmost aspect of the subscapularis footprint is identified. At this time, a peel technique is employed to release the upper two thirds of the subscapularis and capsule as one unit. As the release is performed superiorly to inferiorly, a blunt retractor should be placed inferiorly to protect the axillary nerve. Once both have been released, the arm can be adducted and externally rotated to expose the reverse HS lesion of the humeral head. The lesion should be thoroughly debrided of all soft tissue to allow full exposure of the lesion (Fig 7) . The lesion is then outlined. Following this, quarter-andhalf-inch curved osteotomes are used to excise the Intraoperative image of the right shoulder showing a deltopectoral approach, which is used for exposure of the humeral head to address the Hill-Sachs lesion. A Hohmann retractor is used to hold the soft tissue away for better visualization. Following this, the subscapularis is then detached from its insertion to access the joint. The subscapularis is later reinserted using suture anchors and FiberTape with a SpeedBridge construct (Arthrex).
Fig 7.
Following thorough exposure, the humeral head of the right shoulder is viewed. The bony defect of the humeral head is visualized. Prior to bone grafting, the bone defect is prepared with an oscillating saw and rongeur to have fresh flat surfaces for better fixation of the graft and optimal healing. defect. The bed of the resected bone is then prepared (Fig 8) with use of a power rasp. Once the defect has been sufficiently prepared, measurements of the defect are completed using a ruler for preparation of the bone graft (Fig 9) .
Talar Allograft Preparation
The base of a fresh talar allograft is then removed with use of an oscillating saw. Based on the dimensions of the prepared humeral head defect, an outline is then drawn on the graft for its width, length, and depth. Marks are made 1 to 2 mm larger than the resected lesion. The graft is then firmly secured onto an OATS allograft vice. Using a handheld oscillating saw, the graft is cut in an "orange slice" shape. Because of slight oversizing of the graft, a press fit of the graft into the prepared bed is possible. The graft and humeral head are then thoroughly pulse lavaged for 10 minutes. Following pulse lavage, the graft is soaked in a combination of autologous conditioned plasma (ACP) and platelet-rich plasma (PRP) using a Double Syringe System (Arthrex). To prepare the autologous conditioned and platelet-rich plasma, 60 mL of blood is drawn from the patient by the anesthesiologist and spun down using an Arthrex autologous conditioned plasma spinning machine for approximately 10 minutes. After application of the autologous conditioned and platelet-rich plasma, the graft is then press-fit into the defect. Two 2.4-mm Kirschner wires are used to secure the graft. These are overdrilled, and then two 2.5-mm Acutrak headless compression screws (Acumed, Hillsboro, OR) are inserted to complete the graft fixation (Fig 10) .
Subscapularis Tendon Repair and Closure
The subscapularis tendon and capsule is then repaired back to the lesser tuberosity footprint (Fig 11) . Using 3 medial Suretak (Arthrex) suture anchors in a SpeedBridge configuration (Arthrex) with 2 additional 5.5-mm PEEK SwiveLock (Arthrex) suture anchors. The anchor construct is then oversewed with no. 2 FiberWire (Arthrex) suture. This ultimately results in a tape configuration double-row subscapularis repair. Following this, the wound is then closed in layered fashion with absorbable suture. The patient is then immobilized in a padded abduction sling. Table 1 summarizes the steps of our surgical technique, whereas Table 2 describes the pearls and pitfalls associated with the technique. Lastly, Table 3 describes the benefits and limitations of the presented technique. Intraoperative image showing the humeral head of a right shoulder following exposure via a deltopectoral approach. After preparing the defect bed on the humeral head, the defect is measured (A) prior to preparing the talus bone graft (B). When preparing the bone graft, the area with the appropriate curvature is marked to the correct dimensions. Then, an oscillating saw is used to complete the cuts and harvest the bone graft. The harvested bone graft is irrigated with normal saline to remove debris. Following this, the graft is soaked in platelet-rich plasma to stimulate integration into the humeral head and maximize healing. Fig 10. Intraoperative image of the humeral head of the right shoulder after fixation of the talus bone graft. The bone graft is fixed to the humeral head with two 2.5-mm headless compression screws. It is important to ensure that the screws do not protrude to avoid potential damage to the glenoid. After fixing the talus bone graft to the humeral head (HH), the shoulder is taken through a range of motion to ensure that shoulder instability has been resolved. (HH, humeral head.)
Rehabilitation
The patient is allowed to perform passive range of motion exercises on the scapular plane in the immediate postoperative period. However, the patient is restricted in internal rotation, shoulder flexion, and any posterior loading for 5 to 6 weeks. Following these initial weeks, formal functional rehabilitation with a physical therapist will begin.
Discussion
Posterior glenohumeral joint instability accounts for only a small subset of all known cases of instability. Therefore, it poses a diagnostic and treatment dilemma for orthopaedic surgeons. 6, 7 Similar to anterior instability, patients with chronic or recurrent posterior instability may present with complaints of multiple subjective subluxation events, apprehension, or frank dislocation. These findings can lead to misdiagnosis and, in some cases, inappropriate treatment. 8 In cases of multiple posterior dislocations, the likelihood of erosion of the posterior glenoid or anterior humerus (reverse HS lesions) increases. 9 This places the shoulder at risk for pathologic bony instability secondary to loss of the primary static glenohumeral restraint.
Although surgical options for posterior glenoid deficiency have largely focused on open surgical approaches using autograft or allograft bone blocks, [10] [11] [12] [13] [14] techniques to address the humeral-sided deficiency in the setting of a reverse HS lesion remain more variable and controversial. Although unengaging lesions measuring less than 25% of the articular surface of the humeral head may be amenable to nonsurgical treatment, some authors suggest that anterior impression fractures involving more than 50% of the articular surface of the humeral head should be treated either by hemiarthroplasty or total shoulder replacement.
However, this may not be desirable in younger and more active patients. [15] [16] [17] [18] This also reveals limited treatment options for patients with anterior humeral impaction lesions measuring greater than 25% and less than 50% of the humeral head, which likely require an alternative option to restore normal function. For these larger lesions, a wide variety of operations have been reported. Lateral decubitus position for the initial, arthroscopic portion Standard posterior portal is established with a 5-mm cannula followed by an anterior midglenoid portal. Anterior viewing portal is established to assess the posterior portion of the glenohumeral ligaments. An elevator is used to detach the capsule from the scarred muscle fibers. Side-to-side repair of the glenohumeral ligaments is performed with a suture lasso, no. 2 Ethibond sutures, and labral tape. The main portion of the HAGL repair is performed. Repositioning to the beach chair position. A deltopectoral approach is done and dissection until the conjoint tendon is reached is performed. Dissection is then continued until the subscapularis tendon can be identified through the deltopectoral interval. The subacromial space is identified and debrided. The subscapularis tendon and the anterior joint capsule are partially resected. The reverse Hill-Sachs lesion is identified. The bone defect is excised with an osteotome and smoothed with a power rasp. A fresh talus allograft is molded and prepared for insertion into the Hill-Sachs defect. The "orange slice"eshaped graft is press-fitted into the humeral head defect. The subscapularis tendon is then repaired. The wound is closed in layered fashion with absorbable suture. The patient is then immobilized in a padded abduction sling.
HAGL, humeral avulsion of the glenohumeral ligament.
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Surgical options to correct an engaging reverse HS lesion can be largely categorized into nonanatomic and anatomic reconstruction. These options can be performed either in isolation, or in combination with posterior soft tissue stabilization procedures. McLaughlin originally proposed a nonanatomic soft tissue procedure to prevent engagement with the anterior glenoid by transferring and securing the subscapularis tendon directly into the defect. 19 Since this original description, several similar nonanatomic techniques have been proposed to address these defects in both open and arthroscopic fashion including the remplissage procedure by placing soft tissue structures into the impaction, which act to fill the defect and limit engagement against the glenoid.
20-22
Recently, many authors have recommended an anatomic procedure that restores the normal contour of the humeral articular cartilage in lieu of remplissagetype procedures. 16, 23, 24 These procedures originally attempted to elevate the anterior impaction similar to the reduction of a fracture. However, given the loss of integrity in the subchondral bone that occurs with these techniques as well as the persistent damage to the articular cartilage, many have begun to favor anatomic reconstruction with osteochondral allograft. The potential difficulty in using allograft tissue lies in the requirement for a matched donor to resemble the recipient's articular contour as well as prolonged wait times for recipients. Because of this, techniques using unmatched grafts have gained recent popularity. Prior evidence has suggested that the use of unmatched allograft tissue from remote locations in the body can closely match the anatomy of the glenoid and humeral surface. In this regard, the use of an unmatched hemitalar allograft may be used to reconstruct the humeral articular surface as described here.
Given this recent trend in clinical practice, we recommend our approach for anatomic reconstruction of the humeral head in the setting of a large engaging reverse HS lesion. In addition, patients with posterior instability almost always have soft tissue pathology, such as labrum, capsule, posterior HAGL, and rotator cuff lesions, which heighten symptoms of instability and pain. These soft tissue lesions should be addressed concurrently with any bony pathology. Doing so likely improves patient outcomes given that failure to address soft tissue pathology can lead to persistent symptoms of instability. 5 Posterior HAGL lesions are often missed on preoperative magnetic resonance imaging and should Because of the number and position of the anchors, suture tangling is a concern. Mindful suture managing should be carried out. Verify a good bony apposition of the bony avulsion to its anatomic attachment in the humerus.
Allograft shaping errors can be detrimental to postoperative outcomes. Moreover, it would prolong surgical time and exposure. Use of fresh allograft (less than 28 days after deceased) has been reported as important in consideration of chondrocyte vitality. Careful measurement and shaping of the defect should be performed before molding the allograft to ensure a good press fit.
HAGL, humeral avulsion of the glenohumeral ligament. 
